Aim: To study the epidemiology of ocular injuries in patients with major trauma in the UK, determining the incidence and causes of ocular injuries, and their association with facial fractures. Methods: A retrospective analysis of the Trauma Audit Research Network database from 1989 to 2004, looking at data from 39 073 patients with major trauma. Results: Of the 39 073 patients with major trauma, 905 (2.3%) patients had associated ocular injuries and 4082 (10.4%) patients had a facial fracture (zygoma, orbit or maxilla). The risk of an eye injury for a patient with a facial fracture is 6.7 times as that for a patient with no facial fracture (95%, confidence interval 5.9 to 7.6). Of the patients with major trauma and an eye injury, 75.1% were men, and the median age was 31 years. 57.3% of ocular injuries were due to road traffic accidents (RTAs). Conclusion: The incidence of ocular injuries in patients with major trauma is low, but considerable association was found between eye injuries and facial fractures. Young adults have the highest incidence of ocular injury. RTAs are the leading cause of ocular injuries in patients with major trauma. It is vital that all patients with major trauma are examined specifically for an ocular injury. W orldwide, an estimated 1.6 million people are blind as a result of eye injuries, and a further 19 million have monocular blindness or low vision due to eye trauma. 1 Eye injuries in association with major trauma are particularly important as these injuries have a high risk of threatening vision. 2 Even minor eye injuries can cause considerable morbidity 3 and time lost from work. 4 Eye injuries in association with major trauma can pose diagnostic difficulties, as patients with a reduced conscious level may not report visual symptoms, and assessment of the eye can be awkward in a supine patient. Eye injuries may be associated with facial injuries: in patients with periorbital haematomas and swelling, it may not be possible to see the eye properly at the initial examination. Treating lifethreatening injuries will be the immediate priority in a patient with multiple injuries, but the potential for vision loss due to ocular trauma should not be forgotten.
Although penetrating eye injuries from road traffic accidents (RTAs) have decreased considerably after seatbelt legislation in 1983 and the introduction of laminated windscreens, 5 6 little is known about the current epidemiology of ocular injuries in patients with major trauma in the UK. To investigate this group of patients, we performed a retrospective analysis of a UK trauma database, looking at the incidence of ocular injuries with major trauma, and their association with facial fractures.
METHODS
The Trauma Audit and Research Network (TARN; which includes 50% of trauma-receiving hospitals in England and Wales) collects data on patients attending participating hospitals, who sustain an injury resulting in immediate admission to hospital for >3 days, admission to an intensive care or a high-dependency unit, or death in 93 days. TARN excludes patients aged .65 years with an isolated fracture of the femoral neck or pubic ramus and those with single uncomplicated limb injuries. Patient information is recorded at the time of discharge. Details of TARN have been described previously. 7 TARN classifies injuries using the Abbreviated Injury Scale, 8 and records the anatomical severity of injuries using the Injury Severity Score (ISS). An ISS of 16 is predictive of a mortality of about 10%, and this defines major trauma based on anatomical injury. 9 10 We used the TARN database to investigate the incidence and causes of eye injury in patients with major trauma. Major trauma was defined as ISS .15. We analysed the data for all patients who had sustained an eye injury, injury to the second, third, fourth or sixth cranial nerve, or a facial fracture (maxilla, zygoma or orbit) between 1989 and 2004. Ethics committee approval was not required.
RESULTS
The TARN database recorded 208 007 patients between 1989 and 2004, of whom 39 073 had major trauma as defined earlier. Of these patients, 905 (2.3%) were recorded as having eye injuries. In this group, 75.1% were men and 24.8% were women, and the median age was 31 years. The median ISS was 26. Information on mortality was recorded for 74% of patients. Excluding patients in whom the outcome was unknown, 19.5% of patients died before discharge from hospital.
These 905 patients had 984 eye injuries (table 1) . Blunt trauma was responsible for 952 (96.7%) injuries and 32 (3.3%) injuries were the result of penetrating trauma. The mortality of patients with eye avulsions and scleral injuries was higher than the mean mortality of patients with eye injuries at 23% and 25%, respectively, and the mortality of patients with optic nerve injuries was lower at 12%. Table 2 shows the causes of the injuries; 57.3% of ocular injuries followed an RTA.
Of the 39 073 patients with major trauma, 4082 (10.4%) had a facial fracture (zygoma, orbit or maxilla), and 398 (9.8%) of these patients also had an eye injury. Of the 34 991 patients without a facial fracture, 507 (1.4%) patients had an eye injury (table 3) . The risk of an eye injury for a patient with a facial fracture is 6.7 times that for a patient with no facial fracture (95% confidence interval (CI) 5.9 to 7.6).
DISCUSSION
In this study, only a small proportion of patients with major trauma have associated ocular injuries (2.3%). This is lower than that found in previous studies. A study in Washington, DC, in 1982-88 found that 13.5% of patients with major trauma had associated ocular injuries. 11 The use of seat belts during the study period was not recorded, although it is likely to have been low (http://www.nhtsa.dot.gov) and this will have contributed to the higher percentage of eye injuries. A more recent Australian study (1990-7) found the incidence of injuries affecting the eye, adnexae, orbit and anterior visual pathways in patients with major trauma was 16%.
2 Our lower incidence of ocular injury may be at least partly explained by different inclusion criteria. Both of these studies included adnexal injuries, whereas we only included tear duct lacerations. We counted orbital fractures as facial fractures, unlike the Australian study which grouped them with ocular injuries. 2 We recognise that this study may underestimate the incidence of eye injuries, because relatively minor eye injuries may not have been reported to the TARN or may even be missed in patients with major, life-threatening trauma. Injuries of the eyelids do not have a specific Abbreviated Injury Scale code and are therefore not included. Foreign bodies are not coded (but the injuries that they cause are coded).
In this series, the most common ocular injuries are (in decreasing order) to the cornea, optic nerve, conjunctiva and sclera. Facial fractures are associated with ocular injury, although most patients with an eye injury do not have a facial fracture. Patients with a fracture of the maxilla, zygoma or orbit are seven times as likely to have sustained an eye injury as patients without a facial fracture. Maxilla fractures are most common, but the proportion of eye injuries associated with each fracture was similar.
An association between facial fractures and visual impairment has been well documented. Several papers report that the highest incidence of severe ocular injury occurs in patients with mid-facial fractures caused by RTAs, although some of the populations studied had low seatbelt usage. [12] [13] [14] Al-Qurainy et al 12 found that most patients with mid-facial fractures had evidence of an eye injury, and 27% sustained a moderate or severe eye injury. Impairment in visual acuity was the most sensitive single predictor of ocular injury. Other factors associated with an increased risk of ocular injury in the context of facial injuries can be remembered by the acronym BAD ACT: Blow-out fracture, Acuity, Diplopia, Amnesia, Comminuted Trauma. 15 The optic nerve was the most frequently injured of the cranial nerves associated with the eye. This is important, as optic nerve injuries carry a poor visual prognosis; one third of patients in the International Optic Nerve Trauma Study had a final visual acuity of hand movements or worse in the affected eye. 16 Optic nerve injuries were associated with a facial fracture in two thirds of cases. A marked association between orbital fracture and optic nerve injuries in patients with major trauma has been reported previously. 2 The incidence of optic nerve injury in patients with a facial fracture was 2.1%, which is similar to that reported by Al-Qurainy et al 12 in their series of patients with mid-facial fractures.
The TARN database classifies injuries according to anatomical location rather than clinical diagnosis, making it difficult to draw conclusions about the absolute numbers of severe eye injuries. Penetrating trauma refers to the mode of injury rather than being a clinical diagnosis. However, a proportion of eye injuries in patients with major trauma, such as eye avulsions, scleral injuries and optic nerve injuries, are highly likely to be severe. Our data suggest that patients with an eye avulsion or scleral injury may have a higher mortality when compared with the mean mortality for patients with eye injuries and major trauma, but the outcome data were incomplete and so we cannot confirm this reliably.
Despite improvements after seatbelt legislation, 5 6 RTAs still cause a large proportion of ocular injuries in patients with major trauma (57.3% in our series). This is similar to the US study where motor vehicle crashes accounted for 52.1% of injuries. 11 Some evidence indicates that eye injuries in RTAs are increasing in the US. 17 This has been attributed to frontal air bags, which, while reducing the risk of fatal injuries, may increase the risk of eye injury. McGwin and Owsley 17 reported a twofold risk of eye injury with frontal airbag deployment, although most injuries were to the eyelids. It is possible that air bags increase the overall risk of eye injury, while at the same time reducing the number of severe eye injuries. 18 However, an increasing number of patients are undergoing corneal surgery, including refractive surgery, and there are concerns that weakness of the cornea after a surgery may make these patients more prone to severe eye injuries. 19 20 Although numbers of such patients are small, this may also contribute to an increase in eye injuries. It is important to note that air bag design can vary, potentially altering injury patterns. Air bags in the US have traditionally inflated at higher pressures than their UK counterparts as they are designed to protect occupants wearing and not wearing seat belts. 21 Lower-power air bags have been introduced in the US since 1998 in an effort to reduce the number of airbaginduced injuries (http://www.nhtsa.dot.gov).
Major trauma and associated ocular injuries are three times more common in men as in women, and young adults are at greatest risk. Visual impairment in the active years of life will be particularly devastating, delaying rehabilitation and having serious vocational and economic consequences. 1 Early recognition of eye injuries in patients with major trauma is important as timely treatment of injuries, such as retinal detachments and intraocular foreign bodies, may save vision. 22 All patients with major trauma should be examined for evidence of eye injury, with particular attention to patients with facial injuries and those involved in RTAs. Visual acuity should be measured where possible, and the pupils and ocular movements should be examined. Computed tomographic scans of the orbit can be a helpful adjunct to clinical examination. They are especially useful for diagnosing orbital fractures and optic nerve injuries, but can also show ocular soft-tissue injuries. 23 The TARN database has provided current data on the epidemiology of eye trauma in the UK. It is worrying that RTAs still have a major contribution to eye injuries in patients with major trauma, and the role of airbag deployment as a possible causative factor requires further study. If we can more clearly understand the mechanisms by which ocular injuries occur in major trauma, we can ensure that eye injuries are not only detected and treated promptly but also prevented.
